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Abstract

Manual detection and characterization of small geological objectsinremotely sensedimagery canbe
atime-consuming and tedions task for planetary geologists. For example, in therecently acquired 30,000
synthetic-aperture radar images from the Magellan mission to Venus, there are estimated to be on the
order of 10°t010° mall volcanocs visible in the data [1]. In this paper we describe the development of a
paticrn recognition system which ains to automate the low-level task of volcano detection. In particular,
we focus on the problems posed by the lack of absolute ground-truth.

The overall pattern recognitionsystem consists of focus of attention via matched filtering, feature
generation from local regions of interest (1{01s) via theuse of singular-value decomposition filters, and
subsequent discrimination of RQOJs into volcano and non-volcano categories via standard classification
modecls [2]. In order toprovide training data for thesystem,planctary geologists familiar with Venusian
volcanism identify the likely locations of volcanocs in particular training images. The geologists assign
to tack such candidate volcano a predeterminedlevel of certainty, which is in turn mapped to a subjec-
tively determined posterior probability value. Quantization helps calibration by anchoring the subjective
estimates to specific predefined qualitative categorics. The probabilistic estimates are useful in two re-
spects, Firstly they can be used during the training/estimation process (as described [3]): fractions of
training exemplars are assigned to cach class according to thesubjective probability estimate associated
with that class. Secondly, the probabilistic estimates canbedirectly used for performance assessment
of both algorithms and humans relative to the reference consensus (we usc consensus-derived estimates
as our rcference and use individually-derived estimates to calibrate individual scientist performance).
Probabilistic labels lead naturally to the notion of probabilistic ROC curves - we describe their use aud
interpretation. While different geologists operate at different points alongthe overall curve in terms of
absolute discrimination (corresponding to different utility functions), their estimated probabilistic ROC
performance is quite similar. Fmpirical results thus far indicate that the carrent algorithmic system is
closcto the performance of geologists on high resolutionimagesinterms of detection, but is relatively
weak in terms of itsability to provide accurate probabilistic estimates. We discuss the strengths and
weakuesses of the current approach and describe ongoing work and future directions of the rescarch.
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